2 3 This investigation examined anthropometric, hormonal, and physiological differences between 4 advanced (ADV; n = 8, 27.8 ± 4.2 years, 170 ± 11 cm, 79.8 ± 13.3 kg) and recreational (REC; n 5 = 8, 33.5 ± 8.1 years, 172 ± 14 cm, 76.3 ± 19.5 kg) CrossFit (CF) trained participants in 6 comparison to physically-active controls (CON; n = 7, 27.5 ± 6.7 years, 171 ± 14 cm, 74.5 ± 7 14.3 kg). ADV and REC were distinguished by their past competitive success. REC and CON 8 were resistance-trained (>2 years) and exercised on 3-5 days·wk -1 for the past year, but CON 9 utilized traditional resistance and cardiovascular exercise. All participants provided a fasted, 10 resting blood sample and completed assessments of resting metabolic rate, body composition, 11 muscle morphology, isometric mid-thigh pull strength, peak aerobic capacity, and a 3-minute 12 maximal cycle ergometer sprint across two separate occasions (separated by 3-7 days). Blood 13 samples were analyzed for testosterone, cortisol, and insulin-like growth factor-1. One-way 14 analysis of variance revealed ADV to possess lower body fat percentage (6.7-8.3%, p = 0.007), 15 greater bone and non-bone lean mass (12.5-26.8%, p ≤ 0.028), muscle morphology 16 characteristics (14.2-59.9%, p < 0.05), isometric strength characteristics (15.4-41.8%, p < 0.05), 17 peak aerobic capacity (18.8-19.1%, p = 0.002), and anaerobic performance (15.4-51.1%, p ≤ 18 0.023) compared to both REC and CON. No differences were seen between REC and CON, or 19 between all groups for resting metabolic rate or hormone concentrations. These data suggest 20 ADV possess several physiological advantages over REC and CON, whereas similar 21 physiological characteristics were present in individuals who have been regularly participating in 22 either CF or resistance and cardiovascular training for the past year. 3 1 KEYWORDS: HIFT, hormones, resting metabolic rate, peak aerobic capacity, critical power, 2 strength 4 3 INTRODUCTION 4 5 CrossFit® (CF) is a form of high-intensity functional training that combines resistance 6 exercises, gymnastics, and traditional aerobic modalities (e.g., cycling, rowing, running) into 7 single workouts that vary by day to elicit general physical preparedness (1, 2). This training form 8 is enjoyed recreationally by participants of varying levels of fitness, training experience, age, and 9 lifestyles (3) and also exists as its own sport. The primary CF competition is the Reebok CrossFit 10 Games™ (the Games) which awards individual winners the title of "Fittest on Earth™".
164 laying supine on the examination table for a minimum of 5 -10 minutes to allow fluid shifts to 165 occur before images were collected (29). The same investigator performed all landmark 166 measurements for each participant.
167
A 232 achieved during the test (i.e., VO 2 peak). RCT, also known as the second ventilatory threshold, 233 was identified as the VO 2 value at which the increase in ventilation-VO 2 relationship was 234 accompanied by an increase in the ventilation-VCO 2 relationships (37). The GET was 235 determined using the V-slope method described by Beaver et al. (38) . The GET was defined as 236 the VO 2 value corresponding to the intersection of two linear regression lines derived separately 237 from the data points below and above the breakpoint in the CO 2 produced (VCO 2 ) versus the 238 VO 2 relationship (39 490 prescribed versus those that are modified (i.e., scaled) (11). Thus, CF-trained participants were 491 required to possess at least two years of experience and they were further divided into ADV and 515 VO 2 peak than the other groups, which would imply that they were able to perform aerobic work 516 throughout a greater range of workloads (53, 54) but it does not completely explain their ability 517 to sustain effort at higher intensities (55). As the oxygen requirements of a workload exceed an 518 athlete's capacity to efficiently deliver oxygen, the ability to sustain effort may be further 519 explained by measures of anerobic performance and specific threshold points indicative of the 520 onset of fatigue (i.e., GET, RCT, and CP) (47, 55, 56). Participants in the ADV group were also 521 found to possess a higher GET, RCT, and CP, which are strongly correlated with each other CP 522 (56) and are thought (specifically RCT and CP) to demarcate the point in which exercise 523 transitions from 'heavy' to 'severe' (56, 57). Together, these data suggest that the ADV athletes 524 in this study had a greater capacity to produce energy aerobically, and that they were better 525 equipped to maintain efforts at higher absolute workloads and thus, be successful in their sport.
526
Skeletal mass and the morphological characteristics of muscle are suggestive of a greater 527 ability to produce force (58-61). That is, the size, architecture and quality of skeletal muscle 528 reflect the capability of activated muscle to produce force, whereas bone mass provides the 529 structural support and stability needed to effectively translate force production into human 530 movement. In the present study, ADV athletes possessed greater bone and muscle mass/size, 531 larger pennation angles, shorter fascicles, and better quality in the arm and quadriceps 532 musculature compared to the other groups. However, these only partially translated to greater 533 force production by ADV group participants during the IMTP test. IMTP performance was 534 highly variable until 0 to 200 -250 ms, upon which ADV clearly produced greater force and at a 535 faster rate. The lack of uniformity across all strength measures might be explained by testing 536 specificity and the skillset of our sample. The importance of being able to rapidly activate muscle 537 (i.e., higher RFD) and the magnitude of IMTP force production varies across sports and athletic
